INTRODUCTION
Leaves are the main photosynthetic organ in trees. Being highly sensitive, they are continuously subjected to environmental conditions as well as to phenological cycles and growth rhythms (B u s s o t i et al., 2000) . Same environmental conditions could cause similar answers of leaf characteristics in trees. C a s t r o -D i e z et al. (1997) showed that some Quercus species could exhibit different responses (mirrored in leaf morphology and leaf chemical composition). Among other morphological parameters, specific leaf area (leaf area per unit of leaf mass) is often used for characterizing leaf structure. Leaves will have a lower SLA if they are denser (greater mass per volume) or thicker (R e i c h et al., 1998) . Because of its correlation with leaf gass exchange and leaf nitrogen, SLA has been extensively studied (W r i g h t et al., 2001) .
Previous studies of certain leaf characteristics have dealt with differences between individual tree species, while intraspecific variations remained less known. Speaking of the latter, the results for properties of an entire genetically heterogeneous population may differ from those relating to identifiable subsamples within a population. Contrary to their expectations, B r u s c h i et al. (2003) found that among-tree variation of morpho-anatomical traits of Q. petraea leaves was lower than within-tree variation.
Element concentrations in organs of tree species are characterized by wide variability, depending on soil properties, climate factors, season and community structure (M u l e v et al., 1990) . The element accumulation in plant leaves is a dynamic process that is coupled with other metabolic processes occurring in the plant (G i e r t y c h et al., 1997). Beside environmental conditions mentioned above, it is influenced also by leaf and plant age and leaf type. Foliar nutrient contents are often used to describe plant nutritional status and requirements (M a r s c h n e r, 1986).
Our hypothesis was that morpho-physiological characteristics of leaves differ among genotypes within the same stand and that these differences are under genetic control. Hence, objectives were to compare the variability of selected traits in Quercus robur genotypes, as well as to select genotypes possessing desirable characteristics for possible use in seed production, breeding and reforestration projects. These objectives were obtained by comparison of leaf morphology (leaf area, SLA), and physiology (concentration of photosynthetic pigments, rates of photosynthesis and dark respiration, leaf concentrations of N, P, K, Ca, and Na) in pedunculate oak genotypes grown under the same field conditions.
MATERIALS AND METHODS

Study area
The plant material for this investigation was obtained from the clonal seed orchard Banov Brod, situated along the left bank of the river Sava (44°55' N, 19°23' E), 81 m above sea level. The soil in the orchard belongs to eutric cambisol type. Its basic chemical characteristics were analyzed at Laboratory for Agroecology of Institute of Field and Vegetable Crops (Report no. 08-96/837) and data are shown in Table 1 . The plantation consists of 85 Q. robur genotypes, and was established by grafting. To assess leaf morphological and physiological traits seventeen genotypes were chosen: 4, 5, 6, 16, 18, 20, 21, 22, 25, 28, 29, 30, 33, 35, 38, 40, and 
Plant material
Leaf samples were taken from 20-year-old trees grown under identical environmental conditions. In order to reduce the within-tree variability, one branch was harvested from the middle of the crown of each genotype chosen. Branches were immediately transported to the laboratory in closed plastic bags. Only undamaged, completely expanded (mature) current-year leaves (the same shoot and flash) were used for analysis.
Leaf morphological characteristics
The mean leaf area of individual genotypes (cm 2 ) was determined by portable leaf area meter LI -3000 (Li-Cor, USA), using twenty mature leaves. These leaves were dried in paper bags at 105°C to constant weight, and their mass was measured to estimate a value for specific leaf area (cm 2 dry matter -1 ).
Leaf physiological characteristics
The concentration of photosynthetic pigments (chlorophyll a, chlorophyll b, and total carotenoids) was estimated spectrophotometrically after extraction in absolute acetone and expressed as mg g -1 dry matter (W e t t s t e i n, 1957). The rates of net photosynthesis and the dark respiration were determined polarographically, using a oxygen electrode (W a l k e r, 1989). The rate of photosynthesis was evaluated by the quantity of released oxygen (mmol O 2 m -2 s -1 ), and the dark respiration by the quantity of absorbed oxygen (mmol O 2 m -2 s -1 ).
Following drying at 105°C, the content of leaf dry matter was measured and expressed as percentage of fresh leaf mass. Dried leaf samples were milled and used for chemical analysis. Total N concentration was estimated by standard micro-Kjeldahl method (N e l s o n and S o m m e r s, 1973). After dry ashing at 450°C and treatment with HCl, samples were analyzed for P, K, Ca, and Na concentrations. Phosphorus concentration was determined spectrophotometrically by ammonium-vanadate-molybdate method (G e r i c k e and K u rm i e s, 1952). Potassium and sodium concentrations were estimated using flame photometry (M a r j a n o v i ã and K r s t i ã, 1998), and calcium by atomic absorption spectrophotometry (VARIAN SPECTRA A-10). Nutrient concentrations were expressed in mg%, i.e., mg per 100 g dry matter.
Statistical analyses
The obtained results were processed statistically by the analysis of variance using the program MSTATC. The comparison of genotypes was done by Duncan's test. The mean values of the studied parameters were ranked and marked with letters. Values with the same letter did not differ significantly at p < 0.05. 
RESULTS
Leaf morphology
Leaf physiological characteristics
The data related to rates of photosynthesis and respiration are given in The studied genotypes also differed considering the concentration of photosynthetic pigments and the dry matter content (Table 4) Table 5 . summarizes leaf concentrations of macronutrients (N, P, K, Ca) and Na in different Q. robur genotypes. Compared with the other nutrients analyzed, nitrogen concentrations were highest and they showed lowest genotype differences. The highest nitrogen accumulation was recorded in genotypes 25, 35, and 38, the lowest in genotype 30 (3188 mg%). Phosphorus concentrations varied between 100 and 164 mg%. Highest concentrations were obtained in genotypes 25, 35, and 85, the lowest in genotype 20. On average, the concentration of this nutrient for all genotypes amounted to 136 mg%. According to potassium concentrations, genotypes can be classified into several groups. Genotypes 35 and 85 showed the highest accumulation of this macronutrient in leaves (858 and 850 mg%, respectively), whereas genotype 40 the lowest (408 mg%). The average calcium concentration was 2603 mg%. Its minimum and maximum values were 1,756 and 3,279 mg%, respectively. The greatest difference was found between genotypes 21 and 29. Leaf sodium concentrations were low, ranging from 25 to 56 mg%. Highest concentrations were recorded in genotypes 25 and 35 (56 and 53 mg%, respectively). Genotype 29 was characterized by the lowest calcium concentration, as well as the lowest sodium accumulation.
According to total ash content, the studied genotypes could be classified into four groups (Table 5) . Generally, mineral matter content varied between 4.13 and 7.21%. Genotypes 20, 29, and 40 were distinguished from the others by lowest, and genotypes 4, 21, 25, 30, and 38 by highest ash contents.
Tab. 5 -Leaf concentration of mineral elements (mg%) and total ash content (%) in different Q. robur genotypes. CV -coefficient of variation (%). 
Genotype
DISCUSSION
Under similar growth conditions, the studied genotypes differed significantly in various leaf characteristics. However, intraspecific natural variability is known, and uniformity of growth conditions for all plants suggests that differences between genotypes were of genetic origin.
Genotypes 6, 29, and 38 could be separated by largest leaf areas, while genotypes 18 and 20 developed leaves with smallest areas. Genotype 38 developed the largest leaves. According to K a s t o r i (1998), morphological leaf features such as leaf area, leaf longevity, and SLA may be important in characterization of photosynthesis. Having almost thickest leaves and smallest leaf area among the studied plants, genotype 40 may be separated from the others by the lowest SLA. On the other hand, the highest SLA was estimated in genotype 35, which developed relatively thin leaves. Furthermore, the leaves of genotype 40 had the lowest photosynthetic activity, calculated on leaf area basis, while the highest oxygen evolution rate under light saturation was measured in genotype 35. Considering these results, it seems that leaf structure in genotype 35 enhances light harvesting resulting in the highest net photosynthetic activity. The question is: does a change in SLA alter the amount of light that can be intercepted per unit leaf mass? Results of E v a n s and P o o rt e r (2001) suggested that SLA does not affect the whole leaf efficiency of light capture by the pigments. Therefore they concluded that in the absence of structures altering leaf reflectance (e. g., waxes and hairs), leaf absorbance is simply related to the chlorophyll content per unit leaf area. But, across a range of species, acclimation to a low-light environment is characterized by increased SLA, which was found to be far more important in maximizing carbon gain per unit leaf mass.
Interspecific divergence of photosynthesis in tree species has often attracted scientific interest because photosynthesis is a process strongly affected by ecological factors such as air temperature (H a m e r l y n k and K n a p p, 1996), CO 2 concentration (B e e r l i n g, 1996; K u b i s k e and P r e g i t z e r, 1996; A t k i n s o n et al., 1997; W a r d and S t r a i n, 1999), and soil O 2 concentration (P e z e s h k i et al., 1996) . On the other hand, there was no data dealing with intraspecific, i. e., genotypic variability of this process in trees, including oak species. The cognition of biological sense of photosynthesis gives priority to genotypes characterized by high net photosynthetic rate. It is hard to reliably define genotypic specificity for photosynthetic activity since this physiological process is significantly affected by environmental factors and the ontogenetic stage of the photosynthetic organ and these factors manifest themselves in a wide time range (P a j e v i ã et al., 1999).
A comparison between data for maximum photosynthetic activity under light saturation in laboratory conditions and the concentration of photosynthetic pigments suggests a positive correlation (r 2 = 0.12; data not shown). Moreover, genotype 40, showing the lowest photosynthetic activity, was one of those having the lowest concentrations of chloroplast pigments, while the highest values of these parameters were obtained in genotype 35. This positive correlation was unexpected, because a lack of correlation between photosynthetic parameters and pigment concentration has been noticed previously in other plant species (E d w a r d s et al., 1993; P a j e v i ã et al., 1999) .
Although photosynthesis has been the focus of much measurement and modeling, less is known about plant respiration, i.e., foliar respiration rates for many tree species are currently unknown (M i t c h e l l et al., 1999). The results of our study showed certain genotypic diversity in the rate of dark respiration in Q. robur. On the whole, the average dark respiration rate was -10.26 mmol O 2 m -2 s -1 . Genotype 21 could be singled out for the highest, genotype 38 for the lowest rate of dark respiration.
Chemical analysis showed that Q. robur leaves contained, on average, 3,893 mg% of nitrogen, 2,603 mg% of calcium, 628 mg% of potassium, 136 mg% of phosphorus, and 38 mg% of sodium. Compared with mean annual concentrations of bioelements in Q. fraineto and Q. cerris leaves (M u l e v et al., 1990), our results were higher for N, Ca, and Na, lower for K, while phosphorus concentration was between these two species. Similar patterns of nutrient concentration were reported for Q. robur and Prunus avium L. x pseudocerasus L i n d. (A t k i n s o n et al., 1997), and for Ca, K, and P in Q. velutina leaves (S p e c t o r, 1956). According to K o m l e n o v i ã and C e s t a r (1987), leaves of forty-year-old pedunculate oak trees contained less N and Ca and more P and K when compared with our data. Although the mineral nutrition is species specific (S a r i ã and L o u g h m a n, 1983), these differences could be the consequence of plant age, climatic and edaphic conditions. Considering all leaf characteristics studied, leaf area showed the highest variability (12.5%). These results are consistent with findings of B u s s o t t i et al. (2000), who reported greater variability of leaf morphological parameters than leaf nutrient concentrations in three tree species. Somewhat lower variability was estimated for net photosynthetic rate (12.35%) and dark respiration rate (11.89%). Coefficient of variation of photosynthetic pigments and SLA was about 8%, while dry matter content revealed a low level of genotypic variability (3.44%).
The results presented above suggest that Q. robur genotypes did not exhibit large divergence regarding the studied leaf traits. These quantitative differences, illustrating intraspecific variability of the studied parameters, are the consequence of interaction of certain genotype and common environmental conditions for all trees. Within-species variability of leaf morphology and structure may improve plant performance, allowing species to maintain their fitness over a wide range of environmental conditions and resource availabilities (C a s t r o -D i e z et al., 1997). G a r n i e r et al. (1997) concluded that interspecific differences in structural and chemical characteristics of leaves are maintained under a wide range of growing conditions. Additionally, conside-ring common environmental conditions for all of the studied plants, these results can provide information on the degree of genetic control of these parameters. These results could be used in selection of genotypes having desirable characteristics such as high photosynthetic activity. However, variations between genotypes should be considered with caution because of their strong connection with ecological factors; light conditions, before and among others, definitely influence leaf characteristics (e.g. leaf area, leaf mass, leaf thickness, SLA).
CONCLUSION
The results presented above suggest that the estimated intraspecific variations of the studied Q. robur leaf traits were slight but statistically significant. Considering all genotypes, leaf area, net photosynthetic and dark respiration rates showed the highest variability of all studied leaf characteristics. Genotype 35 could be distinguished for the highest concentrations of N, P, K, Na, photosynthetic pigments, as well as the rate of photosynthesis. 
